(Received for publication June 2, 1997) The investigation of the impurity profile of amikacin (1) overcome the emerging resistance of bacteria to aminoglycoside antibiotics and is used in the treatment of infections caused by Gram-negative bacilli. Its synthesis, structure, and the three possible regeoisomers (6~8) were described by Kawaguchi.1'2) The method described in the U.S. Pharmacopeal Forum (PF) for the assay of amikacin and amikacin sulfate injection refers to a diacyl derivative, labeled as diHABAkanamycin, as an impurity but it does not identify the acylation pattern of this compound.3) During our investigation of the impurities of amikacin bulk drug, two newcompounds were encountered and their structure elucidation was carried out using 2D NMRexperiments.4"6)
Results and Discussion The two compounds, 3 and 4, isolated as byproducts of the 1 synthesis, gave HPLCpeaks at 19.7 and 15.9 minutes, respectively, whenchromatographedaccording to the PF method. The amikacin peak elutes at 19 minutes, while the peaks for isomers 6-8 elute later than 23 minutes in this method. This method involves the derivatization of the analytes with 2,4,6-trinitrobenzenesulfonic acid, followed by separation on a C18 column using phosphate buffer and methanol and detection at 340nm. signals were assigned to C-6' (-CH2NH2) and C-6" (-CH2OH-) respectively, based on chemical shift information. This allowed the proton signals at 5.6 and 5.16ppm to be assigned to H-l' and H-l", respectively. The H-l" signal also showed long-range correlations to carbon signals at 75.4, 72.2, and 56.7ppm which are directly attached to protons resonating at 4.09, 3.67, and 4.ll ppm, respectively. Based on its chemical shift, the signal at 56.7ppm can be assigned to C-3". The H-6" signal at 3.79 ppm showed long-range correlation to the signal at 75.4ppm, allowing the assignment of the this signal to C-5" and the signal at 72.2 to C-2". The remaining signal at 70.0ppm thus can be assigned to C-4". The long-range correlation between the H-3" signal and the carbonyl carbon signal at 179.5 ppm confirmed that the 3" amino function of 3-AG is acylated. Further, the anomeric proton signal at 5.16 (H-l") ppm showed long-range coupling to a carbon signal at 82.9ppm, allowing the assignment of the latter to C-6 on the DOS moiety.
The signal at 3.16ppm, due to one of the 6' protons, showedlong-range correlations to the carbon signals at 74.0 and 71.6ppm. They can be assigned to carbons C-4' and C-5', respectively as only the latter showed a longrange correlation with the H-l' signal. The H-l' signal OCT. 1997 and 73.8 ppm, which were directly attached to protons resonating at 3.81 and 3.69ppm, respectively. However, only the proton signal at 3.69ppm showed coupling to the H-l' signal in the DQCOSY spectrum allowing the assignment of signals at 75.1 and 73.8 to C-3' and C-2', respectively. Further, the long-range correlation between the H-1' signal and the carbon signal at 81.5 ppm allowed the latter signal to be assigned to C-4 on the DOSmoiety. The 13C signals for C-4 and C-6 on the DOS moiety were established earlier. The only methylene carbon signal in the system at 33.1 ppm can be assigned to C-2, while the low-field methine carbon signal at 75.8ppm can be assigned to C-5 based on its chemical shift, leaving the assignment of the methine carbon signals at 51.0 and 51.7ppm. The H-4 signal at 3.94ppm showed a longrange correlation to the signal at 51.0ppm, allowing it to be assigned to C-3 while the H-6 signal at 3.86 showed correlation to the signal at 51.7ppm, allowing its assignment to C-l. Correlations from H-l to C-6 and H-3 to C-4 were also observed further confirming this assignment. The H-l signal at 4.09ppm showed a longrange correlation to the carbonyl carbon signal at 178. acylation is characterized by the presence of a peak at m/z 174 resulting from the cross-ring fragmentation. Of particular significance is the peak at m/z 425 in the MS/MS spectra of both compounds. This peak corresponds to the presence of one HABA derivative on the DOS and the other on the 6-AG or the 3-AG moieties, i.e., 1-6', 3-6', 1-3", and 3-3" diHABA derivatives.
But this fregment would not be present if both HABA derivatives were on the DOSmoiety (1-3 di-HABA) or on the AGmoieties (6/-3// diHABA). As no reference sample of the diHABAcompound described in the PF monograph could be obtained, no direct comparison could be made with these compounds.
